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(54) CIRCUIT BOARD, ITS PRODUCTION, AND LIQUID CRYSTAL DISPLAY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal display having 
thin film transistors different by characteristics. 
SOLUTION: Thin channel area 33, source area 34, and drain area 35 
where the average particle size of poly crystalline silicone is small 0.2 
um and the degree of movement is small are formed in corresponding 
parts of a thin film transistor TFT for picture element of a poly 
crystalline silicon film 32. Rather thick channel area 36, source area 
37, and drain area 38 where the average particle size of poly 
crystalline silicone is large 0.5 urn and the degree of movement is 
large and the density of impurities is different from that of the channel 
area 33 are formed in corresponding parts of a TFT for driving circuit. 
The degree of movement is low in areas having a large film thickness, 
and the degree of movement is high in areas having a small film 
thickness and a threshold voltage is shifted more positively than areas 
having a large film thickness. 
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CLAIMS 



[Claim(s)] 

[Claim 1]The circuit board, wherein thickness of channel regions of said thin film transistor differs in the 
circuit board in which two or more thin film transistors which have channel regions of polycrystalline silicon 
were provided. 

[Claim 2]The circuit board according to claim 1, wherein impurity concentration of channel regions differs. 
[Claim 3]The 2nd polycrystalline silicon formed with the 1st polycrystalline silicon and 2nd amorphous silicon 
that were formed with the 1st amorphous silicon laminates channel regions, and they are formed, The circuit 
board, wherein either [ at least ] the 1st polycrystalline silicon or the 2nd polycrystalline silicon contains 
either a p type impurity and a n type impurity. 

[Claim 4]A manufacturing method of the circuit board characterized by comprising the following with which 
two or more thin film transistors which have channel regions of polycrystalline silicon were provided. 
A process of forming the 1st amorphous silicon on a substrate. 
A process which changes thickness of said 1st amorphous silicon. 

A process of using the 1st amorphous silicon as polycrystalline silicon by laser beam annealing. 

[Claim 5]A manufacturing method of the circuit board according to claim 4 characterized by comprising the 
following. 

A process at which a process which changes thickness of the 1st amorphous silicon forms resist in said a part 
of 1st amorphous silicon. 

A process of carrying out oxidation washing by using this resist as a mask. 
A process of etching this 1st oxidized amorphous silicon. 

[Claim 6]A manufacturing method of the circuit board possessing a process of forming the 2nd amorphous 

silicon after changing thickness of the 1st amorphous silicon according to claim 4 or 5. 

[Claim 7]A manufacturing method of the circuit board, wherein at least one side of the 2nd polycrystalline 

silicon formed with the 1st polycrystalline silicon and 2nd amorphous silicon that were formed with the 1st 

amorphous silicon contains either a p type impurity and a n type impurity. 

[Claim 8]A liquid crystal display by which it was characterized, comprising: 

Claims 1 thru/or 3 are the counter substrates which used the circuit board of a statement as an array 

substrate, countered this array substrate, and were allocated either. 

A liquid crystal allocated between said array substrate and a counter substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the circuit board in which two or more thin film transistors 

were allocated, its manufacturing method, and a liquid crystal display. 

[0002] 

[Description of the Prior Art]Generally, thin-type-izing of an indicator is possible for display devices, such as 
plasma, a light emitting diode, and a liquid crystal, and the demand is increasing as a use to a display or special 
displays, such as a business machine and a computer. 

[0003]In these, The thin film transistor (Thin Film Transistor) using the polycrystalline silicon (polysilicon: 
poly-Si) which has an amorphous amorphous silicon (a~Si) or crystal phase is used as a switching element. 
The liquid crystal display (TFT-LCD) of the thin film transistor allocated in matrix form has high display 
quality, and is low power consumption. 

[0004]Especially the thin film transistor using polycrystalline silicon, Since mobility is higher from 10 about 100 
times than the thin film transistor using amorphous silicon, It not only uses, but it uses the thin film transistor 
of polycrystalline silicon for a circumference drive circuit as a switching element for pixels, The liquid crystal 
display of the thin film transistor of a drive circuit integral type which forms simultaneously the thin film 
transistor for pixels and the thin film transistor for drive circuits on the same board is developed. 
[0005]By the thin film transistor for drive circuits, and the thin film transistor for pixels, it is mentioned as a 
technical problem at the time of using polycrystalline silicon for the liquid crystal display of a thin film 
transistor that the performances demanded differ. That is, in the thin film transistor for [ in mobility ] a 5-30- 
cm 2 /Vs grade and drive circuits at the thin film transistor for pixels, a 60-1 50-cm 2 /Vs grade is required. 
1.0V-3.0V, by the thin film transistor of an n channel, the object for drive circuits also about threshold voltage 
(Vth), It is -2.0V — 4.0V, and since the object for pixels differs in the value required as 2.0V-4.0V by the thin 
film transistor of an n channel, it needs to control threshold voltage by the thin film transistor of a p channel 
independently. 

[0006]Conventionally, the thin film transistor of the hybrid type which used amorphous silicon for the thin film 
transistor for pixels, and used polycrystalline silicon for the thin film transistor for drive circuits is known 
about mobility to such a technical problem. 

[0007]However, the thin film transistor of a hybrid type needs long wiring for the thin film transistor for drive 
circuits, and the thin film transistor for pixels, in order that a manufacturing process may create a complicated 
thing, amorphous silicon, and polycrystalline silicon to the same board. Namely, the manufacturing method of 
the thin film transistor of a hybrid type, Since it is only about 0.5 mm when the boundary of polycrystalline 
silicon and amorphous silicon takes mechanical doubling accuracy into consideration, since the method of 
Pori-izing only the thin film transistor for drive circuits by excimer laser annealing (ELA) etc. was used, Long 
wiring must be provided in a boundary and it disagrees with narrow picture frame-ization of the feature of the 
liquid crystal display of the thin film transistor of polycrystalline silicon. Since wiring is long, wiring resistance 
increases and de facto driving ability also declines. 

[0008]The thin film transistor of the hybrid polycrystalline silicon in which the fluence of excimer laser 
annealing is changed by the object for picture element parts and the object for drive circuits, and particle 
diameter differs is formed, The thin film transistor for picture element parts is made into low mobility, and also 
when making the thin film transistor for drive circuits into high mobility, it has the same problem. 
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[0009]Although the impurity was driven in into the active layer by a channel dope and it was made to change 
about threshold voltage, The thin film transistor of a p channel, and the thin film transistor of an n channel, Or 
by the thin film transistor for pixels, and the thin film transistor for drive circuits, in order to have to carry out 
a mask in order to control threshold voltage independently, respectively, and to have to drive in an impurity, a 
process becomes complicated. 
[0010] 

[Problem(s) to be Solved by the [nvention]As mentioned above, it has a problem which cannot form easily the 
thin film transistor from which mobility and threshold voltage differ in the same board. 

[0011]This invention was made in view of the above-mentioned problem, and an object of this invention is to 
provide the circuit board which has a thin film transistor from which the characteristic differs, its 
manufacturing method, and a liquid crystal display. 
[0012] 

[Means for Solving the Problem]In the circuit board in which two or more thin film transistors which have 
channel regions of polycrystalline silicon were provided, this invention differs in thickness of channel regions 
of said thin film transistor. 

[0013]And the characteristics, such as mobility of a thin film transistor, are changed by changing thickness of 
channel regions of a thin film transistor. 

[0014]Impurity concentration of channel regions differs and threshold voltage of a thin film transistor is 
changed. 

[0015]The 2nd polycrystalline silicon formed with the 1st polycrystalline silicon and 2nd amorphous silicon that 
were formed with the 1st amorphous silicon laminates channel regions, and they are formed, Either [ at least ] 
the 1st polycrystalline silicon or the 2nd polycrystalline silicon A thin film transistor of the desired 
characteristic is formed by containing either a p type impurity and a n type impurity, and containing a p type 
impurity or a n type impurity in either the 1st polycrystalline silicon and the 2nd polycrystalline silicon. 
[001 6]A manufacturing method of the circuit board whose this invention is characterized by that a thing 
comprises the following and with which two or more thin film transistors which have channel regions of 
polycrystalline silicon were provided. 

A process of forming the 1st amorphous silicon on a substrate. 
A process which changes thickness of said 1st amorphous silicon. 

A process of using the 1st amorphous silicon as polycrystalline silicon by laser beam annealing. 

[0017]And if laser beam annealing of the 1st amorphous silicon in which thickness differs is carried out, 
Particle diameter of polycrystalline silicon of a thin portion of thickness becomes large, and can enlarge 
mobility, and particle diameter of polycrystalline silicon of a thick portion of thickness becomes small, can 
make mobility small, and is changed in the characteristic of a thin film transistor. 

[001 8]A process which changes thickness of the 1st amorphous silicon, It is a thing possessing a process of 
forming resist in said a part of 1st amorphous silicon, a process of carrying out oxidation washing by using this 
resist as a mask, and a process of etching this 1st oxidized amorphous silicon, Thickness of the 1st 
amorphous silicon is changed by forming resist in a part of 1st amorphous silicon, carrying out oxidation 
washing by using resist as a mask, oxidizing the surface of a portion in which resist is not formed, and etching 
this 1st oxidized amorphous silicon. 

[0019]After changing thickness of the 1st amorphous silicon, a process of forming the 2nd amorphous silicon 
is provided, and thickness of a channel is set up by formation of the 2nd amorphous silicon. 
[0020]At least one side of the 2nd polycrystalline silicon formed with the 1st polycrystalline silicon and 2nd 
amorphous silicon that were formed with the 1st amorphous silicon, A thin film transistor of the desired 
characteristic is formed by containing either a p type impurity and a n type impurity, and containing a p type 
impurity or a n type impurity in either the 1st polycrystalline silicon and the 2nd polycrystalline silicon. 
[0021]There is no claim 1, the circuit board of a statement is used as an array substrate 3 either, and a liquid 
crystal allocated between a counter substrate which countered this array substrate and was allocated, and 
said array substrate and a counter substrate is provided. 
[0022] 

[Embodiment of the Invention] Hereafter, the liquid crystal display of the 1 embodiment of this invention is 
explained with reference to drawings. 
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[0023]The liquid crystal display 1 makes the counter substrate 3 counter the matrix array substrate 2, and is 
making the liquid crystal 4 pinch between these matrix array substrates 2 and the counter substrate 3, as 
shown in drawing 2 . As for the matrix array substrate 2, the thin film transistor 6 is allocated by matrix form 
on the 1st transparent insulating substrate 5, the picture element electrode 7 is similarly formed in matrix 
form corresponding to this thin film transistor 6, and, as for the counter substrate 3, the counterelectrode 9 is 
formed on the 2nd transparent insulating substrate 8. 

[0024]As this liquid crystal display 1 is shown in drawing 3 , two or more thin film transistors 1 1 for the CMOS 
(Complementaly MOS) drive circuits of a coplanar mold are formed, One pair of thin film transistor 1 1 for 
these drive circuits is formed by the thin film transistor 12 of an n channel, and the thin film transistor 13 of a 
p channel, and the thin film transistor 12 of an n channel, Have the gate electrode 14, the drain electrode 15, 
and the source electrode 16, and the thin film transistor 13 of a p channel, It has the drain electrode 18 and 
the source electrode 19 which were connected to the gate electrode 17 connected to the gate electrode 14 
of the thin film transistor 12 of an n channel, and the source electrode 16 of the thin film transistor 12 of an n 
channel. 

[0025]And the node of the source electrode 16 of the thin film transistor 12 of an n channel and the drain 
electrode 18 of the thin film transistor 13 of a p channel is connected to the gate line 21 formed in parallel, 
respectively, it intersects perpendicularly with these gate lines 21, and two or more signal wires 22 are formed. 

[0026]On the intersection of the gate line 21 and the signal wire 22. The gate electrode 23 of the thin film 
transistor 6 for pixels is connected to the gate line 21, the source electrode 24 is connected to the signal wire 
22, the drain electrode 25 is connected to the picture element electrode 7, this picture element electrode 7 is 
connected to the counterelectrode 9 via the liquid crystal 4, and the auxiliary electrode 26 is connected to 
the liquid crystal in parallel. 

[0027]Next, the structure of the thin film transistor 12 of the n channel of the thin film transistor 6 for pixels 
and the thin film transistor 11 for drive circuits is explained with reference to drawing 1 . 

[0028]The buffer layer 31 is formed on the 1st transparent insulating substrate 5 of the matrix array substrate 
2, and the thin film transistor 12 of the n channel of the thin film transistor 6 for pixels and the thin film 
transistor 11 for drive circuits is formed on this buffer layer 31. 

[0029]And the polycrystalline silicon film 32 is formed on this buffer layer 31, As shown in drawing 4 at the 
portion to which the thin film transistor 6 for the pixels of this polycrystalline silicon film 32 is equivalent, while 
the channel regions 33, the source region 34, and the drain area 35 of thickness with small mobility with as 
small mean particle diameter of polycrystalline silicon as 0.2 micrometer are formed, As shown in drawing 5 at 
the portion to which the thin film transistor 12 of the n channel for drive circuits is equivalent. The channel 
regions 36 where mean particle diameter is as large as 0.5 micrometer, and mobility is large and where the 
channel regions 33 differ [ filminess ] in impurity concentration a little, the source region 37, and the drain 
area 38 of polycrystalline silicon are formed. 

[0030]The gate dielectric film 41 is formed on these polycrystalline silicon films 32, The gate electrode 23 is 
formed above the channel regions 33 of the thin film transistor 6 for the pixels on this gate dielectric film 41, 
and the gate electrode 14 is formed above the channel regions 36 of the thin film transistor 12 of the n 
channel for drive circuits. 

[0031]The interlayer insulation film 42 is formed on the gate dielectric film 41 containing these gate electrodes 
23 and the gate electrode 14, and the contact holes 43, 44, 45, and 46 are formed in the interlayer insulation 
film 42 and the gate dielectric film 41. And the source electrode 24 electrically connected to the source region 
34 is formed in the contact hole 43, The drain electrode 25 electrically connected to the drain area 35 is 
formed in the contact hole 44, The source electrode 16 electrically connected to the source region 37 is 
formed in the contact hole 45, and the drain electrode 15 electrically connected to the drain area 38 is formed 
in the contact hole 46. 

[0032]The protective film 47 is formed in the surface of the thin film transistor 12 of the n channel of the thin 
film transistor 6 for these pixels, and the thin film transistor 11 for drive circuits. 

[0033]Next, the manufacturing method of the thin film transistor 12 of the n channel of the thin film transistor 
6 for these pixels and the thin film transistor 1 1 for drive circuits is explained. 

[0034]First, as shown in drawing 6 , laminating formation of the buffer layer 31 and the 1st non-doped 
amorphous silicon (a-Si) 51 is carried out by 25-nm thickness on the 1st transparent insulating substrate 5. 
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[0035]Next, as shown in drawing 7 , the resist 52 is patterned by a photolithography. 

[0036]And as shown in drawing 8 , it oxidizes and let amorphous silicon of a field on which the resist 52 is not 
laminated by washing of ozone (0 3 ) water etc. be the silicon oxide 53. The thickness which will oxidize if 20 
ppm ozone water is used, and serves as the silicon oxide 53 is 2 nm - about 3 nm. 

[0037]As shown in drawing 9 , the silicon oxide 53 is etched with drug solutions, such as a fluoric acid (HF) 
system. 

[0038]Again, as shown in drawing 10 , the field which the resist 52 has not laminated is oxidized using ozone 
water, and the silicon oxide 54 is formed. 

[0039]As shown in drawing 11 , the silicon oxide 54 is etched with drug solutions, such as a fluoric acid system. 

[0040]As shown in drawing 12 , the resist 52 is etched, it exfoliates and the thickness of the 1st amorphous 
silicon 51 can form the field of different thickness from the field which is 25 nm, and a 20-nm field. Etching of 
this 1st amorphous silicon 51 does not have controllability at chemical dry etching (CDE), and etching of an 
ultra-thin film, especially etching of midcourse discontinuation are difficult. 

[0041]Next, as shown in drawing 13 , lamination membrane formation of the 2nd amorphous silicon 55 that 2- 
E-17 cm — ~ 3 -doped impurities, such as boron (B), is carried out by 25-nm thickness, Excimer laser annealing 
(ELA) is carried out, and while polycrystalline-silicon-izing amorphous silicon, a thickness direction is made to 
diffuse an impurity, after performing dehydration annealing treatment. 

[0042]And as shown in drawing 14 , the polycrystalline silicon film 56 is formed. The field where thickness is 
thick is as small as the mean particle diameter of 0.2 micrometer, boron concentration becomes thin with 
1.0E17-cm -3 , the field where thickness is thin is as large as the mean particle diameter of 0.5 micrometer, and 
boron concentration becomes deep with 1.1E17-crrf 3 . Thickness becomes low mobility in a thick field by this, 
and threshold voltage shifts to a right side from the field of a thick film by high mobility in the field where 
thickness is thin. 

[0043]Therefore, if it uses for a liquid crystal display, it will be large-sized and-izing can be carried out [ highly 
minute ]. 

[0044]Next, other manufacturing methods are explained. 

[0045]Although it is the same as that of the manufacturing method shown in drawing 6 thru/or drawing 14 
fundamentally, What does not dope an impurity is used for the 2nd amorphous silicon 55 shown in drawing 13 
using what did not make non-doped the 1st amorphous silicon 51 shown in drawing 6 , for example, doped 
boron of three E17-cm -3 . And while carrying out excimer laser annealing and polycrystalline-silicon-izing, a 
thickness direction is made to diffuse the impurity of the 1st amorphous silicon 51, after performing 
dehydration annealing treatment. 

[0046]The field where thickness is thick is as small as the mean particle diameter of 0.2 micrometer, boron 
concentration becomes deep with 1.5E1 7-cm~ 3 , the field where thickness is thin is as large as the mean 
particle diameter of 0.5 micrometer, and boron concentration becomes thin with 1.3E17-cm -3 . Thickness 
becomes low mobility in a thick field by this, and threshold voltage shifts to a negative side from the field of a 
thick film by high mobility in the field where thickness is thin. 

[0047]And what is necessary is just to make them into the concentration of boron for obtaining desired 
threshold voltage, since threshold voltage will shift to a right side in an n channel and will shift to a negative 
side threshold voltage and the relation of boron which is an impurity by a p channel, if the boron concentration 
of the channel regions 33 and 36 becomes high as shown in drawing 15 and drawing 16 . The p type impurity 
and n type impurity of not only boron but the others as an impurity can be used. 

[0048]By the thing of the 1st amorphous silicon 51 and the 2nd amorphous silicon 55 for which the impurity 
should just be doped by either at least and thickness of a non-doped film is thickened in consideration of 
thickness. It is good also as a dope film which can realize the dose of the low-concentration boron said for 
control to be difficult and in which impurity concentration differs the 1st amorphous silicon 51 and 2nd 
amorphous silicon 55. 

[0049]Although the channel regions 33 of the thin film transistor 6 for pixels were made thicker than the 
channel regions 36 of the thin film transistors 12 and 13 for a circuit drive and were formed, The relation of 
thickness may be made reverse, and it may form by any of an n channel or a p channel, respectively, and may 
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be made gestalten other than a coplanar mold. 
[0050] 

[Effect of the Invention]According to this invention, the characteristics, such as mobility of a thin film 
transistor, can be changed by changing the thickness of the channel regions of a thin film transistor. 
[0051]The thin film transistor of the thickness of channel regions can be easily formed in one substrate. 



[Translation done.] 
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